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By Oscar Seidman and A. I. Beihouse 

Eight wings and three tails, covering a wide range of 
aerodynamic characteristics, were independently ballasted 
so as to be interchangeable with no change in mass distri- 
bution. For each of the 24 resulting wing-tail combina- 
tions, observations wer8 made of the steady spin for four 
control settings and of recovaries for five control manip- 
ulations, the results being presentod'fn the form of charts 
comparing the spin characteristics. The tests are part of 
a general investigation that is being made in the B.A.C.A. 
free-spinning tunnel to determine'the effects of systsmatic 
changes in wing and tail arrangement upon Gho steady-spin- 
ning and the recovery characteristics of a conventional 
low-wing monoplane for various loading conditions. 

The prssent loading was derfved from the basfc load- 
ing condition (representatfve of an average of values for 
21 American airplanes for which the moments of inertia 
were available) by moving weight from the center of grav- 
ity toward the wing tips so that the dFstribution of mass 
along the wings was increased. 

For the tail with deepened fuselage, raised stabilizer, 
and full-length rudder, recovery was satisfactory and the 
results were sjLmilar to those reported for the basic-loading 

- condition. For the tail with deepened fuselage, raised sta- x 
bilizer, and short rudder, an adverse effect resulted as 
Compared with the basic-loading results for the wfngs with 
Army tips and B.A.C.A. 23012 or U.A.C.A. 6718 section and ' 
for the wing wfth flaps. For t5e more nearly conventional 
taii * an adverse effect resulted for the wfng wfth Army 
tips ana N.A,C.A. 23012 section, both n%th and without 
flaps. For the wing with B.A.G.A. 0009.section and for the 
Army standard wfng, this loading ageared to have a some- 
what favorable effect. 
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INTRODUCTION a I 

The 13.A.C.A. has undertaken a systemat2c investiga- 
t-ion in the free-spinning wind tun.nel to determTn8, by 
major independent variations, IThiGh of the dimensional and 
the mass chara-c&..ristfcs.of an.aArDIane most greatly af- 
fect the spin (reference 1): 

. 
I 

The results of tests oFeight rv5ng.s and three tails 
for a basfc loading condition, reprosentativo of an avcr- 
age of values for 21 American airplanes for which the mo- 
ments of inertia wore available, have boon roportod in 
roforence 1. In reference 2 mora presentad the results 
for the loading obtained by moving weight from the mf.ng 
tips -toward the center of gravity, the model thereby hav- 
fng its maas distributed chiefly along the fuselage. The 
prese.nt paper contains the results of a sfmilar series of 
tests for a loading obtained by'movirg wofghtfrom tho 
csater.of gravity toward the ming tips, the mo%el thereby 
having fts mass dfstributed chiefly along the wing. 

The major wing variables in.clude tip sha?e, airfoil 
section, plan fa:rm, and flaps. The Army standard tapered 
wing, also inkiudcd in the tast program, combfncs changes 
in plan form &nd.thickness. The throo tail arrangements 
i%ngo .from a combfnation utilizrng.f;ll-length ruddor and 
raised stabilizer on a tioop fuselage, designed to bo ex- 
tremely .efffcfent in providing yal.vfng moment for recovery, 
-to a moro nearly conventional type with the r-udder com- 
plotoly above a shallow fuselage and. badly shfolded by t-ho 
horizontal surfaces. The present results nro compared 
.with the results- obtained for tho basic loading condition. 

AI'PARATTJS AND KELPRODS 

A general desdriptian of model construction and test- 
ing tech=Zque in.the M.d,C.A. free-spinning tunnel is 
given in reference 3. 

The models are.constructed of-balsa,.reinforced mith 
spruce and bamboo. In order to reduce the veight, the 
fuselageand the wi-ngs are hollowed out, the axtornal coni fi - 
tours being maintafne-d by -silk tissue pa2er an reinforcing . 
ribs. The desired loading is attained by suitable distrf- 
bution of lead *eights. h 

* 
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Ffgures 1 to 5 show special structural features of 
the model used in the present Snvestfgatfon. The ning and 
tail units are independently removable and interchangeable 
to permit testfng any combination. The exchange of units 
can be made wfthout any change in maea distribution. A 
clockwork delay-action mechanism is installed to actuate 
the controls for recovery, simulating the rapid motions 
that would be fmparted by a pilot. 

The model was not scaled from any particular airplane 
but was designed to be a representative ion-wing cabin 
monoplane with a cosled radial engine and with landdng gear 
retracted. Dimensional characteristics of the model and 
of the eight nings and the three tails are gfven on the 
line dranings of flguros 1, 2, and 3, The present model. 
loading condition nas derfved from the basic condition 
(reference 1) by removing weight from the center of grav- 
fty and installfng ft in the nlng-tihs. For convenience 
in making comparisons, the model may be considered a l/15- 
scale model of either a fighter or a four-place cabin nir- 
plane, tested at an altitude of 6,000 feet. The full- 
scale chnracferistics for tho prosent loading and for tad1 
G would -00: 

weight (v) - _ - ._ - - - - w-4 - - 

Moan chord (c) - - - - - - - - - - 

Span (b) - - - - - - - - - - - - 

Bing area (S) - - - - - - - - - 

Aspoct'ratio - - - - - - - - -.- 

Distance from c.g. to elevator 
hfng- - _ - _ - - - - - - A - 

Dfstanco fron c.g. to rudder hfnge 

Fina,roa ---'--------- 

Rudder area - - - - - - - - - - 

Stabilizer area - - - - - - - - 

Elevator area - - - 7 - - - - - 

Control travel - - - - - - - - - 

4,720 lb. 

75 in. 

37.5 ft. 

234.4 sq. ft. 

6 

16.6 f-t. 

16.9 ft. 

6.8 sq. ft. 

6.9 sq. ft. 

19.8 sq. ft. 

12.9 sq. ft. 

Rudder: *30o 
Zlevator: 300 up 

20° down 
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Principal moments of inertia: 

A = m+-“/ L - - - - - w e 4,150 s1ugLft.e 

B =.mkya --- - - - - - - - 3,970 slng-ft.a 

c = mkZa - - - - - - - - - 7,540 slug-fLa 

The nondimensional mass-distrfbution parameters (dc- 
scribed in reference 4) for the present loading condi- 
tion are: 

m fJ# = A- = 7 
WSb 

i-- 

. 
. 

C-B --- = 
C-A 

1.10 

x = 0.25 
C 

. 

P=O 
C 

The quantity X/C is the ratio of tho distance of 
the centor of gravity back of the loading odga of the 
mean chord to t.ho mean chord; and Z/C is the ratio of 
the distance aftho cantor of gravity below tho thrust 
line to the mean chord. 

Figures 1 &d 4 shotv the'modol mfth tho basfc wing 
(ning 1) and tail C installed. This ning is of N.A.C.A. 
23012 section mith.roctangular plan form and Army tips. 
(The tip contour is derived as d.osqribod 4n refarsnco 5.) 
In common with the ot-her wings, it has an area of 150 
square inches, a span of.30 inches, an9 no dihedral, twfst, 
or smecpback. a 

Tho aovon remainfng wings (figs. 2 end 5) havo variad 
dimensional characteristics as follows: + 
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IYing 2: N.A.C.A. 23012 section, rectangular nith 
Xrny tips, 20 percant split flaps de- 
flected 60°. 

5 

Wing 3: X.A.C.A. 23012 section, rectangular with 
rectangular tips. 

wing 4: N.A.C.A. 23012 section, rectangular with 
faired tips. 

Wing 5: N.A.C.A. 0009 section, rectangular with 
Army tias. 

Wing 6: N.A.C .A. 6718 section, rectangular with 
Army t:ps. 

tring 7: H.A.C.A. 23012 section, 5:2 taper with 
Army tips. 

ring 8: N.A. C.A. 23018-09 section, Army stalzdard 
Plan form (square center section, 2:1 
taper in both plan form and thickness, 
and Army tigs). 

Each wing nas mounted on the model at an angle of in- 
cfdenco equal to fts angle of zero Ifft. The stabil-izer 
of the model was at zero incidence for each tail, There 
was no fin offset;. 

The three ta.fls designated A, B, and C are shown in 
figures 3 and. 5. Tail B, representing a conventional 
shallow fuselage w%th rudder completely above the tail 
cone, has the following dimensional ckaracteriatics: 

Vertical tail area: 6 percent sing araa (3 porcont 
rudder and 3 percent fin). 

E'uselago sido area, back of loading edgo of stt-abilizor: 

2 percent rring area. 

Vertical. tail length (from quarter-chard point to rud- 
der hingo axis): 45 percent wing erran. 

Horizontal tail area: L4 Fercent wing area (5.5 per- 
cent elevator and 8.5 percent 
sta3ilizer). 

Horizontal tail length (from quarter-chord point to 
elevator hinge axis): 44 percent wing span, 
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Tail B maa-.de.rfved from tail Cbg incre0a81ng the fuse- 
laga depth, rai-sing the stabilfzer and the elevators, and 
installing apgroxfsately the Crfginal fin and rudder atop 
the de8gered fuselage. Par tail B-, the vertical areas arc; 

Vertfcal tafl area: 6 percent cing area. 

Fuselage side area: 5.5 percent wing area. 

Tail A was similar to tail B except for full-length 
rudder construction and slightly incroaaed elevator cut- 
out. Fortail A, the vartical areas are: 

Vertical tall area: 8 percent wing area <fs parcont 
.rudder.and 3. p8rcCnt fin). 

-FU801age .8ide area: Fi4 percent wing area. 

TESTS AND RESULTS 

For each wing and tail ccunbination, 8DLn test-s were 
made for four control settings: 

(a) Rudder 30' with tho spfn and elevators neutral. 

(b) Rudder 30' with the Spin and elevators 20' down. 

(c) Rudder 30'. with the spin and elevators 30° up. 

(d) Rudder nautral, and elevatars neutral. 

Recovery from (a) and (b) ras attemued by reversal 
of the rudder, from (c) %y complete reversal of both con- 
trols and al80 by noutraL?zing both controls, and from CC> 
by movFng both-controls to full against the spin. All 
tests were m-right spt-~8. . . 

The angle of attack. a, angle of sideslip B (poai- 
tive inx-rard~in a right spin), tUTi for ??CCOTCry, t3Fin 
coefficiaat m/2v, and rate of dCsc-cn+V, are plotted 
fn 12 charts (figs. 6 to iY>, grouped 80 @8 to permit 
ready comparison of the Effect8 of..tdp Shape, section, 
plan form, flap8, and tko Army standard wing. 

The data onfheso Chart8 are believed t0 ropro8ont 
the true modoi VaILLO rrithin the fClloning limits (see 
refcronco 3): 
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l a,--4------,--------- f3O 

B -.-_--_-__--------- *1-l/20 

Turns 'for recovery - - - - - - - - - *l/4 turn 

nb/2y - - - _- - -,,.L - - - -- - f3 p,ercest 

v------------------ A2 percent 

For certain spins in which it is difficult to control the 
spin in the tunnel, owing to high air speed or wandering 
motion, the foregoing limits may be exceeded. 

As noted in references 3 and 4, there may in some in- 
stances be variations between model spin-test results and 
corresponding full-scale spin-test resrilts of a given air- 
plane, probably because of the difforonce of the Reynolds 
EUmber between the tests. 

. 
. DIScUSSION 

Tests with tail A (figs. 6 to 92-.- In figure 6, results 
are shown for different wings with tail A for rudder 30' 
With the spin and elevators neutral. It may be seen that 
the rectangular wings with rectan ular 
3 and 4) gave the Steepest spin8 7 

or faired tip8 (Wing8 
(r = 45O compared with 62 

for the flattest) and the mos'u rapid recoveries (l-1/2 turns); 
whereas, the Wing with 5:2 taper (wing 7) and the wing with 
flaps deflected (wing 2) gave the slowest recoveries (about 
four turns). 

Wiiti elevators 20' domn (fig. 7) the spins were, in 
general, p few degrties sleeper-Jand recoveries were slightly 
more rapid than with elevators neutral. 
8) tended further to steepen the 8PinS. 

Elevators Up (fig. 
The Wing8 with 

N.A.C.A. 0009 and 6718 sections, hoWever, spun slightly 
flatter With elevators rq than With elevators full doWn; 
and the rectangular wings with rectangular or faired tips 
would spin. With elovato-rs up, whereas they Would not spin 

.wfth elevators down. In all cases, recoveries Were rapid 
‘ (le88 than two turns) by complete reversal pf both controls. 

d When the contr-ols We-re moved only to neutral, the recover- 
ies uere genefally slower. The recorded turns for recovery 

4. for wings 1 and 7 varied from three to infinity for differ- 
. ent runs. With controls neutral (fig. 31, spp.ns could be 
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obtaj.ned for -the rectangular wings with Army tips of 
N.A.C.A. 23012 section, nith and without flaps, and of 
Y.A.C.A. 6718. section, and also for the wing of 5:2 taper 
(wings 1, 2, 6, and 7, respectively). 

For &.-the control, settings, the rectangular wfngs 
mitnrectangular or faired tips gave the steeFst spins 
and the quickest recoveries. There v;as a small effect of 
6 cct-ion ( . the wing af N.A.C.A. 0009 section gfvfng more 
outward sideslip and faster recovery than winga of the 
other...t~ sections. The wing of :TiA.C..4. 6718 section 
gave the least-outward eidesidp. Xocovsry for the wing 
with flaps and for the wing of 5:2 -taper was elowor than ' 
for the othor wings. The -Army standard..*ing &ave skeeper 
spins and faster.rocoveries than the basic ving (wfng 1). 

For tail.A, the results for this Loading as compared 
with those for the-bas5.c loading (reference 1) showed only 
srilcll diffarence.s. Fo.r all-control-.settfngs, there was a- 
texdency for the rectaxqulsr ruing of N.A.C.A. 0009 section 

- mith Army tips (7ir.g 5) and th.e -standard Army qing of- 
B.A.C.X. 23018-09 section (aing 8) to gi-ve steeper spins 
aTld for the rectangular wing of ?T.R,C.A, 23012.section . .-- 
with 20 percent full-span-split -f%aal,s dcfi-ecte.d..60* (nfng 
21, the rectangular wing of E.A.C.A. 6718 section with 
Army tips (ning G), and the 5:2 trrper 7in.g of 'P5.L.C.A. - 
23012 section wftl Army tins ($iing 7 t,q give flatter 
spins than gere .obtafned for the .%as I c-loadIng..conU.tion. . 

* 

f; - 

. 

~r~tsL rr%th tall .9 (fks. 10 to.-13j.r ?:,c;ixre 10, which 
gives results for various. wf.ngs with:ta$.l .9 for rudder 
with the spin and elevators neutral, shows steeper spins 
for all wings -as compared with tail A, but-recoveries for 
zlings 1, 2, 6, and 7 were unsatfefactory with tail B. 
This r&sult shows the importance of unshielcled rudder area 
in effecting satFsfactory recovery characteristics. As 
with tall A, the -rectangular wings with rectangular or 
fairad tips gave.th-s steepest spins. Wing 1 .sho.ned a wide- 
variation in the turns for recovery. 

-e 

TTith elevatars 20° down (fig. il>,ltl;cre *as little 
differonce in tho steady spin as compared with elevators 
neutral-but recovery was: in general, slightly more rap?.d; 
:ving 6 shoved a mLde range in recovery turns. With ele- 
vato.rs up (fig, 12), the spin was stsqened and recovcr- 
ies by complete reversal of both contro$s .nere:satisfac- 
tory for all wings. Fhen both controls mere merely neu- 
tralized, wing 6.ag-ain eXhLbited_aLLa,rge variation in 
turns required. 

1 

A 
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With both controls neutrai (fig. 13), ap1ns could be 
obtafned only for wings 1, 2, 6, and 7. Moving the con- 
trols against the spin gave slow recoveries. St is inter- 
esting to note that the steady spins with ta%l B for con- 
trols neutral were very similar to the corresponding spfns 
with tail A but that recoveries with tail B were doffnito- 
ly slower. 

For all control settings, the rectangular wing with 
rectangular or faired tips gave the steepest spins and it 
is believed that recoveries with it would havo bec;l most 
rapid; the rectangular wing of F.A.C.A. 0009 section and 
Army tips showed steeper spins, faster recoveries, and 
more outward sideslip as compared with the rectangular 
wings of N.A.C.A. 23012 and N.A.C.A. 6718 sections wfth 
Army tips. The wing of N.A.C.A. 23012 section gave the 
flattest spins but the wing of N.A.C.A. 6718 section gave 
the least outward sideslfp and the slowest recovery. 
Flaps retarded recovery. The 5:2 taper wing gave steeper 
spins than the basfc wing and the standard Army w%ng &ave 
steeper spins and more rapid recovery than the 5:2 taper 
wing:. 

For tail 5, wings 1, 2, and 6 showed flatter spins 
and slower recoveries with this loading than with the bas- 
ic loading. Wings 5 and 8 gave steeper spins for the 
present loading and the effect on wxfngs 3 and.4 could not 
be determined. 

Tests with tail C (figs. $4 to 17).- With tail C, as 
with tail B, the effects of differences in wing charac- 
teristicswere more marked than with tail A. Figure 14 
shows that, for rudder with the spin and elevators neutral, 
the rectangular wings with rectanguiar or faired tips 
still gave the steepest spins, the greatest outward side-' 
slip, and the most rapid recovery. The wing of N.A.C.A. 
0009 section and the Army wing gave slower recovery and 
the other wings gave no recovery. 

With elevators down (fig. 15), the results were sfm%- 
lar to those for elevators. neutral. The wings that had 

. given recovery by rudder reversal for elevators neutral 
nom indicated more ra 

P 
id recovery for elevators down. With 

elevators up (fig.. 1.6 , spins were somewhat steeper t,han 1 
for elevators neutral and recovery by comT,lete reversal of 
both controls was satisfactory except for t-he rectangular 
wing of -N.A.C.A. 23012 section with Army tips, whfch gave - 
a recovery in 3-l/4 turns without flaps and gave no recov- 
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ery with fieps. W'ith bofL~control8 neutral (fig. 171, re- 
sults r;ere very nfmilar to- tko3e obtained for rudder vitl 
the spin and elevators. dOWBi. 

l 

For all contra1 settings, the rectangular wing ?fi.th 
rectangular or faired tiss gave steeDer sgins. and more 
rapid recovery than the other T%ngs. The wfng of X.A.C.Z. 
0009 section gavo steeper spins, more...outrrard sideslip, 
and better recowery than the two &o@zirablo wines of which 
the 3.A.C.A.. 23012 gave the flattest spin end the 3Tl.C.d. 
6718 g;ave the least outward si.deslip.+ The 5:2 taper rrlng 
cave results genorallg similar t-0 those for the basic 
wing, The King-with flaps gav.e no recovery by any control 
manipulation used.. The Army wing gavo sttieper spins than 
the basic Ting aad gave recoverfee for all control munipu- 
lation, whereas the basic mfng gave recovery only for com- 
pleto reversal of bath controls, .- 

Bith thevesent loading, the basic ~i.rg, the :v!.ng 
with flaps, tind the wing of N.A,C.A. 5719 section tundcd 
to ,?:ive slower recoveries a3 coml;arab Tith the basic load- 
ing; the Army wing and the w-fng of I.A.C.A. 0099 section 
tended to give faster recoverFes. The otlier wfngs showed 
little effect. 

I$ analysis of the data pr.eseqted, tile general cf- 
fectsQf wP.ng or tail arrangemont~~ of control posftion 
and the apparent relationships between spin cktaractoris- 
tic3 nay bc determfned for the. loa&i?l& cdldition of mass 
distributed along the wings. 

Effects of rvings: 

1. mip shacg.- e.- Rectangular and fafred tips gfve the 
steepest spins and the most rapid recoveries. The Army 
tip gives consistently flatter spins and slower recovcr- 
ies. 

2. s-e ct.Lon !: !!'hs.:~lng of I?-.A., LA. OGO9 section 
gives the st-oopest spins and the most rapid recoveries 
and shows the greatest outward sideslip. Tb.8 wirg of, 
X.A.C.A. 23012 section gives tho flattest opine and tLe ~ 
wing -of X.A.C.A. 6718 section giv.es the least outwxrd 
~ideslip.. -. . ._ -- 

r .-' 

_--~.- --- - - - .- 
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3. --. Flaxg. - Flaps tend to retard recovery. 

4. Elan_-f_o_r_m- - The mfng of 5:2 taper gives more 
outward sideslip than the basic wing, but there is little 
difference Lnths turns for recovery. 

c 

i 

5. Arx standard wfng.- --. -_--__---- The timy'standard wing gives 
somewhat steeper spt-ns, faster recovery, and more outward 
sidesli;? than the basfc wing. 

Effects of tail arrangement: 

1. The tail w.ith raised stabilizer and elevators, 
increased fuselage depth, and.full-length rudder (tail A) 
gives the most satisfactory rocove.rics. X'or rudder full 
vith the spin, the tail with raised stabilizer and eleva- 
tors, -increased fuselage depth, and rudder completely above 
the fuselage (tail B) gives the steepest spins. 

2. The tail with shallow fuselago and rudder com- 
p1'etely above the tafl cone (tail C) gives the slonest re- 
coveriss. M 

Effects of control setting: 
t 

1. Recoveries from spfns with elevators down are 
somewhat more rapid than from spins with elevators neutral. 

2. Holding the elevators up generally results in 
the steepest spins from which, by reversal of both control.s, 
are obtained the most rapid recoveries. 

Relationships between spin characteristics: 

1. Steep spins are usually associated with high rate 
of descent, low Sab/2V, and rapid recovery. 

3 In general, more rapid recovery is obtained from 
the sG;ns with the greatest outyard sideslip. 

Comparison with results for basic loading: 

1. The basic wing. the wing with flaps, and the wing 
of Ii.A.C.A. 6718 section show flatter spins and slower re- 9 
coveries with this loadfng as compared with the basic load- 
ing. The wvfng of N.A.C.A. 0009 section and the Army stand- 
ard-ring give steeper spins and faster recoveries with the \ 
present lo,ading. The remaining vings show EO consistent 
effect S. 
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2. With this loeding, the spins with the greatest 
outward sfdeslip gave the fastest rscaverces; whereas, 
for the basic loading, there appeared to be no relation- 
shfp between t-he sideslip of the .st-Fpady spin and turns 
required-for rec%vefy. - .: 

Langley Memorial Aeronaut-fca.1 Laboratpry, 
cational Advfsory Committee for Aeronautics, 

Langley Field, Va., August 12, 1938. 
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Fi,gpre l.- T,cr-wing moxoplano model with d_etschaMPe . 
tat.1 End wing. a 
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. . . 
W-Lng l- 23012 rectangular Fiitn Army tips. 
Wing 2- 23012 with 20 percent full-span split flaps at 60'. 

.-- 
Wing 3- 23012 rectangular with rectangular tips. 
Wing 4- 23012-rectangular with faired tips. 

- ,88','+ 
. . - ,-A T-:35" 

'Wing 7- 23312 5:2 taper with llrgT tips. 

Sing 8- 23018-09 standard Army wing 
(2:l tapar, square canter, 4rmy tips.) 

Figure 2.- Kings used on low-wing monoplane. 
N.A.C.A. wing sections. 
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T.L. , thrllst1klc 

Tail A Tail B Tail C 

. . 

- Figure 3.-. _TailS use& on low-Wfng monoplme. 

. 
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il) rings 1 mnd 2, (2) linge a rad 4, (3) 5, 
(41 wing 6, (5) rh!iI 7 (6) 

vlng 
Wing 6. 

(b) Plan view. +ij ~~~-~ing m0n00lane rl~~. 
m&?lre 4. - Low-wing nlonophIle mwel. 
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(b) (1) Vail A, deep fmelae;e and 10% mMm. 
(2) hi1 B, deep fuselage and ehort rudder. 
(3) Ilail C, ehallow fbelage and ehort rudder. 

(6) (1) Bectapp;dLrr wing with Army tips. [a) Becterlgdlar wing with interchangwble mctangnlar and 
(3) 582 tapered wing with Aq t@. faired tipa. 
(4) 2:1 haw bmdmd tapered wing with sp\lare center, 

i?@nre 6.- lnterobaageable rings and tail8 of low-wa monopke mdel. 
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Figure 6.- The effect bf Sarious wings on the spin characteristics. <Wing 
has rectangular plan form, Army tips, N,A.C.A. 23012 section, 

except as noted.) Mass distributed along the wing. 
Tail A; Rudder -30' with; Elevators 0"; Ailerons 00. 



N.A.C.A. Technical Hate No. S64 

Effect of Tip'shape B.A.C.A. Plan forn 
airfoil sectforr 

ft I - 
sec. 
-- 

V 

AT- I -- :. 

IR+der 
t 

m ved %rom130° 
7 I 

w:th tp 30° aga$nst;th 
I 

Fig. 7 

i-L- I 
I 

---L-s I 
I I- i 

7-- -----I--- 
l-Tli-A l-!-l 

+ -I-- --._ -I-__ 
I I 

I- t,-- I 

nl 

-- -- 
4 +- -- 

-R_ 
-_- I f I I 

+inJ I 
I t 

Y 

Turns 10 -,-----I- - -I_- 
I’ 

I I 

a-- I --I 
++- -++ +- 

1 -I + 
--f---- 

Figure 7.- The effect of various wings on the spin characteristics. (Wing 
has rectangular plan form, m tips, X.A.C.A. 23012 section, 

except as noted.) Mass distribution along the wing. 
Tall A; Ruider 30' with; Elevators 2C" down; ailerons O". 
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Figure 8.- -The effect of various wings on the spin characteristics. (Ping 
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except as noted.) Mass distributed alone the wing. 
Tail A; Rudder 30' with; Elevators 30' up: Ailerons 0'. 
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Figure 12.- The effect of various wings on the spin characteristics. (Wing 
has rectangular plan form, Army tips, N.A.C.A. 23012 section, 

exce;?t as notad.) Kass distributed along the wing. 
Tail B; Rudder 30°; Elevators 30° up; Ailerons O". 
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Figure 13.- The effect of various wings on the spin characteristics. (Wing 
v has rectaalar plan form, Arqy tips,N. A. C. A. 23012 section, 

except as noted, 
b 

Mass diatribueed along the wing. 
Tail Br Rudder 0 ; Elevators 0'; Ailerons 0'. 
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Figure 15.- The effect of various wings on the spin characteristics.( Wing 
has rectangular plan form, Army tips, N, A. C. A. 23012 section, 

except as noted,) Pass distributed along wing. 
Tail C; Rudder 3U" with; Elevators 2o" down; Ailerons 0'. 
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Figure 16.- -The effect of various wings on the spin characteristics. (King 
has rectanear plan form, m tips, N.A.C.A. 23012 section, 

except as noted.) Mass distributed along the wing. 
Tail C; Rudder 3Oc wfth; Eleirators 30° up; Ailerons O*. 
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